Patients Twelve women and 10 men with a mean age of 59 3 (range 44-76) years comprised the study group. They had had idiopathic Parkinson's disease for an average of 9-8 (range 3-4-19-2) years, and when in on phase they were in Hoehn and Yahr stages 2-0-40.
doses were then individually titrated (mean 3*4 (range 0.8-6.0) mg) and compared with placebo in a double blind cross over phase. With apomorphine compared with placebo the mean daily duration of off periods was reduced by 51% as assessed by the patients and by 58% as assessed by the staff. The severity of off periods was also significantly reduced. The effect was unchanged after a maintenance phase of eight weeks. At study termination 13 of 14 patients were able to inject themselves and 11 of 14 patients found that their feeling of freedom had increased. The most common adverse events were nausea, subcutaneous nodules, and increased frequency of involuntary movements. Pharmacokinetics were linear and did not change with repeat dosing. The t,, ranged from five to 45 minutes (16 patients) .
It is concluded that pen injected apomorphine is a valuable treatment for patients with advanced Parkinson's disease with on-off phenomena. In several studies of idiopathic Parkinson's disease the dopamine agonist apomorphine, a well known emeticum, has shown good effect on parkinsonian symptoms'-3 and on the "onoff' phenomena,4-9 probably due to activation of both D, and D, dopamine receptors.'01' Most of the studies, however, are anecdotal.
C(Neurol Neurosurg
Subcutaneous apomorphine is preferred to oral treatment, as the substance is nephrotoxic in oral therapeutic doses.4 A few double blind, placebo controlled studies with subcutaneous injections of apomorphine have previously been carried out. '2-15 To our knowledge the present study is the first to combine a placebo controlled test for dopaminergic responsiveness with a double blind, placebo controlled, cross over study of the effects of optimal doses of apomorphine given as subcutaneous bolus injections to patients with idiopathic Parkinson's disease with on-off phenomena.
Patients Twelve women and 10 men with a mean age of 59 3 (range 44-76) years comprised the study group. They had had idiopathic Parkinson's disease for an average of 9-8 (range 3-4-19-2) years, and when in on phase they were in Hoehn and Yahr stages 2-0-40.
The mean duration of levodopa treatment was eight (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] years. Mean body weight was 69-9 (range 47-0-98-0) kg.
All patients had daily, disabling off periods, defined as change in motor state within five minutes, and described by the patient and by relatives or a physician. Diphasic dyskinesia was an exclusion criterion.
The patients were on a stable regimen of levodopa (plus carbidopa or benserazide) of five to 14 doses per day. Other drugs used for idiopathic Parkinson's disease related symptoms included bromocriptine (12 patients), selegiline (nine), amitriptyline (eight), baclofene (two), imipramine (two), and amantadine, benzhexol, and clozapine (one patient each). Seven patients had previously been treated with apomorphine, but no patients received apomorphine beyond the test preparation during the study period.
At study entry none of the patients had orthostatic hypotension or any other relevant, unstable physical or psychiatric disease, as documented by their medical history and a clinical examination.
Methods

DESIGN
The study was carried out at four centres in Denmark and one centre in Sweden. The patients were admitted to hospital at study entry. After an initial placebo controlled test of dopamine responsiveness (apomorphine test) on day 2 and a screening phase (minimum three days), doses of apomorphine were individually titrated in an open dose finding phase (maximum one week). The patients then entered a double blind cross over phase with a scheduled four day period of apomorphine treatment and four days of placebo, in randomised order. Hereafter they were discharged from hospital, and during an eight week maintenance phase came for visits to the clinic every second week. The study was terminated the day after the last apomorphine injections had been given (postdose). TEST 
PREPARATION
Apomorphine was given as a preserved 10 mg/ml solution (pH 3-4), and isotonic saline was used as placebo. Injections were given by prefilled single use pens with a push button release system (NovoLet). Subcutaneous injection in the anterolateral femoral region or abdominal wall was recommended.
DOSAGE REGIMEN
Oral antiparkinsonian drugs were adjusted to an optimum at least one month before study entry, and dose changes or administration of extraneous levodopa as required during the study period were discouraged.
To avoid side effects such as nausea and vomiting and orthostatic hypotension induced by apomorphine, the peripheral dopamine antagonist domperidone (Motilium) was given orally (20 mg three times daily), starting the day before the apomorphine test. We aimed at a reduction or withdrawal of domperidone during the maintenance phase.
Before the apomorphine test all antiparkinsonian drugs were discontinued for 12 hours during the night. Effect on offperiods The number, duration, and severity (mild, moderate, severe, immobile) of the off periods were recorded by a member of staff eight hours a day for two days during the screening period, during the last two days of the dose finding phase, daily during the cross over phase, and at each visit in the maintenance phase. The patients were asked to record on a diary card the number and duration of off periods, during all times awake, for three days of the screening phase, daily during the cross over phase, and for the first three days of each two week period in the maintenance phase.
Clinical global impression At each of the four visits in the maintenance phase the physician evaluated the patient's global improvement compared with his condition at admission to the trial. A scale from 1 (very much improved) to 7 (very much worse) was used.20
Effect on idiopathic Parkinson's disease symptoms The effect on idiopathic Parkinson's disease symptoms was evaluated with the unified Parkinson's disease rating scale (UPDRS, version 3 0, 1987) section I-IV, with the modification that the evaluation of activities of daily living (part II) was done for off periods only and motor examination (part III) during an on period only.2' Rating was done on the last day of the screening phase and at the week 4 and week 8 visits in the maintenance phase. SAFETY 
ASSESSMENTS
The effect of apomorphine on the daily number, duration, and severity of involuntary movements during on periods was evaluated by a member of the staff, following the same time schedule as for the off periods. All other spontaneously reported adverse events were recorded, and their duration, severity, and relation to the study drug (probable, possible, unlikely) were evaluated. At each visit in the maintenance phase the injection sites were inspected for signs of local irritation.
Blood pressure and pulse supine (after three minutes) and standing (after one minute) were registered before study entry, 10 times during the study, and at study termination. Registration was done before and 15 minutes after apomorphine treatment.
Electrocardiography was carried out before study entry and three times during the study (about 30 minutes after apomorphine).
Laboratory tests (haematology, biochemistry, and urinalysis) were done before study entry, once during the study period, and at the end of the study.
EVALUATION OF THE PEN
The suitability of the NovoLetg pen was evaluated through patient questionnaires at visits on week 2 and week 8 of the maintenance phase.
PHARMACOKINETICS
Plasma samples for assay of apomorphine were obtained at three occasions: after the first and the third dose of apomorphine in the dose finding phase and after one dose after two weeks in the maintenance phase. At each occasion plasma was collected before the dose and 5, 10, 15, 30, 45, 60, 75, and 90 minutes after the dose. Plasma was assayed for apomorphine by solid phase extraction and high performance liquid chromatography (HPLC) with fluorescence detection. The limit of sensitivity was 2 nmol/l, and the intra-assay precision ranged from 13.7% to 2.2% (SH Ingwersen, unpublished results). The variables C.., tx.., t1,2, and area under the concentration-time curve (AUC) (from time 0 to infinite time) were estimated by non-compartmental methods with the TopFit V. 2-0 analysis program.22 When necessary, AUCs were corrected for apomorphine concentrations present from previous doses.
STATISTICAL METHODS
Statistical evaluations were performed on the efficacy variables of the cross over phase.
Data on off periods and involuntary movements were available from both subphases (apomorphine and placebo) for 17 patients from investigator assessments, and for 16 patients from diary card information.
Several patients could not complete all four days on placebo during the cross over phase. Therefore, to obtain comparable values, the total duration of off periods and periods of involuntary movements as well as the total number of off periods and periods of involuntary movements were divided by the number of days the patient was on either treatment. These end points were analysed by analysis of variance (ANOVA), including treatment, patient, period, and sequence of treatments as factors. Carry over effects were not considered, because apomorphine is rapidly eliminated. The daily number of off periods and periods of involuntary movements were logarithmically transformed before analysis to better conform with the normality assumption.
The severity of off periods and of involuntary movements were analysed by the MantelHaenszel test2' with patients as strata (a within patient comparison). For these tests no period effect was assumed.
Results are given as means (SD), unless otherwise indicated. A significance level of 0-05 was used throughout. ETHICAL 
CONSIDERATIONS
The study was conducted in accordance with the Helsinki Declaration and the EEC guidelines for good clinical practice (1991) and was approved by the health authorities and the ethics committee systems in Sweden and Denmark.
Results
Nineteen patients completed the apomorphine test, 17 patients completed the dose finding and cross over phases, 16 patients completed week 2 of the maintenance phase, and 14 patients completed the whole study. Eight patients dropped out due to hypotension (three patients), unsatisfactory effect (two patients), exanthema, unclear off periods, and lack of motivation (one patient each).
All 17 patients who participated in the cross over phase completed the four days with apomorphine. In six out of 10 patients who started with placebo and three out of seven patients who received placebo after apomorphine, an obvious lack of drug effect during the placebo period made us shorten the placebo period to 24 to 72 hours for ethical reasons.
The maximal dose of apomorphine during the apomorphine test was on average 4-9 (range 1 6-6-4) mg. During the dose finding phase the maximal dose was on average 3 9 (1-0-8-0) mg, whereas the optimal dose, according to the definition given, was on average 3-4 (0 8-6-0) mg, which remained unchanged during the cross over and maintenance phases.
During the cross over phase the dose of oral domperidone was 20 mg three times daily, except for one patient whose dose was reduced to 20 mg twice daily. A gradual withdrawal of domperidone was attempted during the maintenance phase, and five out of 14 patients were doing well without domperidone at the last study visit, whereas the remaining patients still needed 10-60 mg per day, primarily to avoid nausea.
One patient needed minor changes in levodopa dose during the cross over phase, and during the maintenance phase six patients needed minor changes in their levodopa or bromocriptine dose.
EFFICACY
Dopaminergic response
The dopaminergic response could be evaluated in 21 out of 22 patients who participated in the apomorphine test. One patient dropped out before any registration of dopaminergic response due to hypotension.
Twenty out of 21 patients fulfilled the criteria of satisfactory response in at least two out of four variables. One patient had a significant effect on one variable only (100% reduction in tremor). As the patient had been treated with apomorphine for two years with a good response, the physician decided that she should continue in the study. Values are total number of off periods (%). Population average and range of mean daily number and duration of off periods. Population average and range of severity of the off periods. Screening and cross over phases and end of the maintenance phase. All participating patients are included in the number of off period data, whereas only patients who experienced off periods are included in the severity and duration data. Cross over 1 and 2 = first or second period in cross over phase. 
Effect on offperiods
Apomorphine caused a highly significant reduction (58%) in the mean daily duration of off periods, as assessed by the staff, when apomorphine was compared with placebo. Similarly, apomorphine caused a reduction of 51% in the mean daily duration of off periods, as assessed by the patients (table 1) . The mean daily numbers of off periods, as assessed by the staff, showed a significant increase of 34% during apomorphine treatment, whereas there was no significant change according to the patients' assessments (table 2) . Table 3 shows the distribution of severity of the off periods, which was assessed by the staff. The Mantel-Haenszel analysis showed a highly significant treatment effect in favour of apomorphine on the severity of off periods. Tables 4 and 5 show the population average and range of the mean daily number of off periods (for all participating patients) and their severity and mean daily duration (for those who had off periods) registered by the staff and by the patients. Compared with the screening phase, the off variables for the maintenance phase showed changes in the same direction as they did with apomorphine v placebo during the cross over phase.
Clinical global impressions
In 12 of 14 patients who completed the maintenance phase much or very much improvement was reported at the last visit; two patients reported only minimal improvement.
No patients were reported to have a worsening of their condition during the maintenance phase.
Effect on idiopathic Parkinson's disease symptoms Parts I, II, and IV of the UPDRS showed only minimal changes in score (table 6). In part III (motor examination during an on period) there seemed to be a slight reduction in total score (table 6 ), but for the primary parkinsonian symptoms (tremor, rigidity, and bradykinesia) only a slight reduction in bradykinesia score was seen (mean 4 9 (range 1 0-13 0) during the screening phase v 3-5 (0 5-7.0) at week 4 of the maintenance period and 3-3 (0O0-7 0) at week 8).
SAFETY
There was a 67% (P < 0-02) increase in the mean (SD) When compared with pretreatment values substantial changes in systolic (> ± 30 mm Hg) and diastolic () ± 15 mm Hg) blood pressure and in heart rate ( > ± 15 beats/min) were reported in a few patients only. Increases as well as decreases were seen. Substantial changes in blood pressure when rising from a supine to a standing position were also seen in a few patients only, and both increases and decreases were noted. In two of the three patients who dropped out because of unacceptable symptoms of hypotension, blood pressure and heart rate were not measured at the scheduled time because the staff were occupied in relieving the clinical symptoms. In the third patient the supine blood pressure was reduced from 125/80 mm Hg before apomorphine injection to 110/70 mm Hg after injection, and the standing blood pressure was reduced from 110/85 to 90/65, resulting in postural dizziness.
Other adverse events reported in more than one patient included dyskinesia and chorea, sweating and warmth, dizziness, headache, drowsiness, yawning, and rhinitis. The sympwas confirmed by the statistical analysis (repeated measures ANOVA), which did not show any significant changes. Discussion Apomorphine in this study proved to have a definite effect on off phenomena in idiopathic Parkinson's disease, reducing both severity and duration of the off periods. Our patients had classic parkinsonian symptoms (tremor, rigidity, and bradykinesia) as well as other kinds of off phenomena (dysphoria and painful dystonia), and these were equally successfully treated with apomorphine. The 58% reduction in mean daily duration of off periods (staff evaluation) is in accordance with previous results.92425 We think that the treatment effect on this variable was of major importance for the patients' increased feeling of freedom. The percentage reduction in daily off time according to the patients' diaries was slightly lower than that assessed by the staff. This may be due to subjective "off" symptoms, which occurred before apomorphine was given and which could not be evaluated by the staff. The finding that the mean daily duration of off periods after eight weeks of maintenance treatment was profoundly reduced compared with the findings during the screening phase suggests a good effect of apomorphine, also in long term treatment. The finding that the daily number of off periods increased during apomorphine treatment can be explained by the fact that the treatment effect was of short duration (0 5-2-5 hours), so that intermittent treatment with apomorphine may have caused a "fragmentation" of otherwise longer off periods.
The fact that most patients who completed the maintenance phase reported much or very much improvement, whereas their off phenomena had not been entirely cured, may reflect a positive impact on the patient's total situation by even a minor reduction in severely disabling off periods.
Although not statistically analysed, the effect of apomorphine on the variables of UPDRS seemed to be modest. This is probably because apomorphine causes quantitative changes in off phenomena, but does not change the quality of the symptoms to any large extent, as evaluated by UPDRS.
In the apomorphine test, placebo caused a positive response on one or more variables in several patients. When comparing the number and severity of off periods, however, during the cross over phase with the data from the screening phase there was no placebo response (tables 4 and 5), probably because the treatment was no longer entirely new to the patients.
Because dose titration until an optimal effect or occurrence of side effects was encouraged, the maximal doses given in the dose finding period were slightly higher than the optimal doses. The mean optimal dose of 3-4 mg is higher than that found by The more intensive stimulation of dopamine receptors after addition of apomorphine is probably the reason for the increase in the mean daily duration of involuntary movement periods. In the present study the doses of concomitant antiparkinsonian drugs were kept rather constant to obtain a reliable evaluation of apomorphine effects, but previous authors have reported the successful reduction in levodopa doses when apomorphine was added. 24 Whether the combination of levodopa and apomorphine may cause a reduction in the severity of adverse treatment effects remains controversial.9 13 Apart from involuntary movements, nausea with or without vomiting was the most frequent adverse event and in several patients this necessitated continuous domperidone treatment. We think that the maintenance dose of domperidone should be kept at a minimum, considering that domperidone has an antidopaminergic effect, although this is mainly peripheral. On the other hand, the three cases of orthostatic hypotension occurring early after initiation of apomorphine treatment might have been prevented, had the initial domperidone treatment been of longer duration.
The subcutaneous treatment with apomorphine caused development of nodules in most patients. In none of the cases did the nodules cause major problems, but injection into affected skin areas should probably be avoided, as absorption may be unpredictable.
In the present study there were no clear differences in demographic data, on the basis of which we are able to propose criteria for the selection of patients likely to benefit from apomorphine. Neither did we see any factors that were obviously predictive for the occurrence of hypotension, the side effect that most often led to the withdrawal of apomorphine. Patients with hypotension as a symptom of their idiopathic Parkinson's disease were not included in this study, but it is likely that such patients are more susceptible to the hypotensive effect of apomorphine. The More than 50% of our patients, however, all belonging to a difficult to treat population, completed the study and experienced benefit from the treatment, and we conclude that subcutaneous injections of apomorphine by means of a pen are valuable in advanced Parkinson's disease.
